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FIELD np ^MyB^-ry^^ 

Tire bead seat area would havp » - 4. 

involved) as definedT Se international L^^^^^^^ P™"'^ ^^h^''^ «re contact is 
books such as ETRTO, T8^ !^^Tml^^^^^ ^ -"^""^'^ / 

tubeless type tyre application; the 5» drop a^L nmc k^^'^'J' ""^'"'y fof- 
tub^ess applicadons. Removal naU a'rfnTClr^^^^^^ ^"'^^ 

from a sheet stock of 9re-6etlSvZ'rmZ^^U r!!;'"r "'^^"'^^ "'ank 
center hole pierced to a predetermined sL^^^^^^^^ ^^'"^"'^ preferably with a 
machine to a predetermined profJe & ild^te,^^^^^^ preformed in spinning 

and flow formed in a spinning mld^lS ^^i J-fe^^^^ ^'^^"'"^ ^"rther spun 
outer roller & inner mandrel a?d heW aqain^ th??.m Positioned between an 
comprise of a outboard surface wwS conSSn^t damping plate, such inner mandrel 
Of the rim well, the inner & fu^er Zar^Lal.L''T^^^^ ^'^"leter 
comprise of outboard surface whfch confirm? tefh^^V^ ^"^^ o^te-" roller 

the inner flange. The p.«fbr^ iriphS SLdnr.? ^'^^.^^^"^^"^ inner diameter of 
outboard surface of tl^ inner Srd &^o.^JS ^P"" ^S^'^^t the 

predetermined profile & form in ripl^V weS ?nn?r 1"^ ? ^ 
outer flanges respectively The snun rim ■' • ^ O"^^"" bead-seats, inner & 
well, inner & outer SLts and ler^ P^^^^temiined semi-finished 

forming & spinning oper?t?on i^ an soinnfna mSj?^ " IT^^' ^""^^^ t° ^ 
accurately located in the center hoip fr^, '^ machine, while the disc portion being 
rim peripheral Portion bJnS pisidontj^h^^^^^ '^"^ ^^'^-^P'^S P'^te, thi 

such inner mandrel & outer roHraSe o^^mln^ -nner mandrel and outer roller, 
final profile & -shape of the weTTJer & ou?l hf '2 '"'^f'^ "'^''"'^ to the 

flanges, to achieve the final Se and l:.no^ * ^^'^ ^"'^ Inner & outer 
and;th4 o'uter& Inner flanS^^^ ^'^'"^ °^ ^""6'- & outer bead-seate 



P!n> n«ptiiphW^ and 15« drop center 

.s^-.l^tlftm^iSs^ i?/^^'*"'"' ateo made of sheet 

Which .'pndVidfes B m^n^i^^S^t^^^ nm supported by the central disc, 
a^bdated parts of the vewk;l?t^S^^ 'I'l'^^ '^'■""^ p^ °ther like 

relationship, insure pertect roundneff oTfhJ assembled 
rim With respect to the dtec DeSnfin^ "^ ^"^ ^•^^^'^'"^'^ axial. alignment of the 
•radial" and "axial" ?un-S3 ?hf>?ehid^m^^ ^^'"9 ^e^-^^d as 

spedficationslnthetolerancSfJJthei dimero^ ^^^"'^'V ^'9'^ 

a'lS':o;SSlirm?dels"sSftr.^^ conventional method, the rim and discs 
assembly. Xn the con-vLS^nTmUror^aC^^ ^^ngTS'^J^ 



hoop made out of a steel strip of hot rolled sections or plate, achieving such a close 
tolerance on the roundness has found to be extremely difficult due to the localized 
^^kink" in the region of butt welded joint and the spring back during the rim diameter 
calibration operation. Further substantial distortion due to welding the two parts 
requires further corrective additional costly operation to ensure that the axial 
alignment between the rim and the disc is held within limits. It is appreciated by the 
people who are skilled in the manufacturing wheels that such distortion once occurred 
cannot be corrected completely. Such shift in the axial alignment and also the 
localized kink in the rim in the region of the butt welded joint is know to produce first 
harmonics during vehicle running causing vibration and high noise. The axial shift 
between the disc and the rim also produces imbalance of the wheel causing vehicle 
disturbance or thumping/ shake. 

Further when such wheels have been run with test overioads to induce failure, fatigue 
cracks have usually occurred in the center of the disc where it is attached to its 
supporting axle and in the welds, which have attached the rim to the disc. 

Further a welded assembly does not lend itself well to the rigorous balancing and 
centering of the wheel. Further the butt-welded joint of the hoop of tiie rim for the 
conventional procisss does not always lead to an airtight construction, which is 
necessary for fitting tubeless tires. Further the joint also constitutes a weak point, 
which restricts the useful life. The use of one piece wheels made from our invention, 
would lead to a noticeable reduction in weight as a whole and achieving balancing and 
centering, besides ensuring the air-tightness necessary when using tubeless tires. 

It is well recognized that wheels are not only critical to the safety of an automotive 
vehicle but also being an un-sprung mass has a pronounced effect on vehicle stability 
and driving comfort. It is thus obvious that only a one-piece wheel of 5 and 15 
design and a method of manufacturing the same would satisfy the requirement as 
enumerated as above. 

However, up to the present time none of the prior processes has enabled one-piece 
steel wheels of S^and 15^ drop center rims to be produced under satisfactory technical 
and /or economic conditions, either on account of the fact that they do not lend 
themselves to mass production at an attractive cost price, or on account of the fact 
that the wheels obtained do not satisfy the requirements of the users, strength, 
minimal unbalance, first harmonic content, and accuracy of the significant dimensional 
characteristics. 

The present invention relates to a construction, apparatus and method for producing 
one-piece wheel of 5^and 15° drop center rim for vehicles, which lends itself 
particularly well to mass production and provides wheels which meet the requirements 
of users such as have been enumerated above. A vehicle wheel of one-piece 
construction requires less material input and is substantially simpler to fabricate as 
there is only one part that is needed to manufacture and there are no assembly & 
welding steps involved, thus resulting in cost savings. 

QBlECrrg OF TUP INVENTIQN 

Accordingly, it is an object of the present invention to provide a steel wheel of one- 
piece wheel of 5°and 15° drop center rim construction, a method and apparatus for 
making the same, which overcome the aforementioned problems In an economical and 
reliable manner. 
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wheel. » ««y ™t reduces manufactunno cost while providing high strength 

reduces the 

StSlfmn'S^"' ""'^ °' «° for a Wheel having ve„ low radial and 

ret^another object of Invention Is to prov* for a wheel having very low („a han«n,c 
It IS another oftiect of Invention to provide fbr a wheel having venr low unbalance. 

^^^TZ^I^^^J^'^TJ^!^^^^ ohe-ehy a family of vehicle 
the blanks. a"<l offeet may be produced from 

S,a«cSS,S'J^°Li''Suelll? *"* '"-P™"* """^'niltv 

l'*^s;^'2oml^,'^S2'p!a'nT^S.'""'''"= "-^ aforementioned character. 

SlL,°j!}?onIy'^a;ivdy"l" ;^nlr'^^ "^'^'^ manufacturing system, 
emdenti?. and ecS^omrcaT;^^™:^ °" ""^ °" 

SUMMARY OF THg TMVCMTTr^,^ 

the said method comp^^^l^So^^ S^;^ ^ outer bead-seat and flanges wherein 

Of predetermined uniform 

between an inner mandrS aTd% ciS;« n^^^^^ ^'"^ positioned & clamped 
outboard surface which conforms tf^J-L^^^ '"^"^'"el having an 

well, Inner & outers seaHn^ Predetemimed inner diameter wherein the 
operations, and " '''^ "^"9® ^^e formed in the subsequent 

fu^^er" sDun" lH"! ^"""^"^ *° " Predetermined cylindrical shape & size is 

inSease the width in thi""^ '° ^^^"^^ thickness consequently to 

maintaining1heTredeter,i^. J '° ^ predetermined size whi^e 

seats and 'the oSS? f^aSr aterrmeST^^^^^^ '""^'^ «^ °"^«r bead 

same time ^rther s.nff.sTreSrd i"n fhl pe^ST^o^rb^ S^^^^^ 



displace the material in the backward direction to a predetermined shape & size of 
the inner flange, and 

the preform from the previous step, is further spun in a CNC spinning machine to 
impart final shape and profile to the rim portion comprising of well, inner & outer 
bead seats and inner & outer flanges using such inner mandrel, the central line axis 
of which is slightly offset against the centerline of the central hole of the preform 
during spinning operation. 

One aspect of the present invention is a unique backward & forward material 
displacement and use of a mandrel that is offset against the axis of rotation of the 
preform. The cold spinning & flow forming method for manufacturing one-piece wheel 
of 5 and 15 drop center rim construction, provides a generally circular steel blank 
from a sheet stock of pre-determined uniform thickness, the blank is preferably with a 
center hole pierced to a predetermined size. The blank is preformed in a spinning 
machine to a predetermined profile & cylindrical shape, such preform is further spun 
and flow formed in a spinning machine, the preform being positioned between an 
outer face plate & inner mandrel held against the clamping plate, such inner mandrel 
comprise of a outboard surt^ce which conforms to the predetermined inner diameter 
of the rim, well, the inner & outer bead-seat & outer flange and such outer face plate 
comprise of outboard suri^ace which confirms to the predetermined inner diameter of 
the inner flange. The preform peripheral cylindrical portion is then spun against the 
outboard surface of the inner mandrel & outboard surface of the outer roll to a pre- 
determined profile & form in respect of well, inner & outer bead-seats, outer & inner 
flanges respectively to displace the material in both backward & forward direction, the 
spun rim comprising of predetermined semi-finished well, inner & outer bead seats 
and flanges is further flow-formed and spun in a spinning machine, while the disc 
portion being accurately located in the center hole & clamped against the outer 
clamping plate, the rim peripheral portion being positioned between an inner roll and 
outer shaping roller, such inner mandrel & outer shaping rollers comprise of a 
outboard suri^ce which conforms to the final shape of the well, inner & outer bead 
seats and the inner & outer flanges, to achieve the final profile and shape of the well, 
inner & outer bead-seats and the outer& inner flanges. 

The spun wheel comprising of final well, inner & outer bead seats and before 
displaang the material in both backward & forward direction, the preform is subjected 
to such operations where the central hole, mounting holes and the vent holes are 
pierced to a required size. 

After final rim profiling & shaping operation, the center hole and the mounting holes 
are machined accurately in a multi-drilling machine. 

After the center hole and the mounting holes are machined accurately in a multi- 
drilling machine, the inner & outer flange is machined to achieve a flat or round radius 
on its crown edges. 

The principal objects of the present invention are to provide a unique, low cost method 
of press forming, spinning & flow forming one-piece vehicle steel wheels and the like. 
Steel blank is formed from sheet stock, and is spin and flow formed in a spinning 
operation to reduce manufacturing costs. The spinning & flow forming technique 
employs tools with a simple forming surfaces, which minimizes their associated 
manufacturing cost, as well as repair expenses. The spin forming machine can be 
easily programmed to form different shapes, such that the present method is 



^"'*1f ""^"'"^ specialty and/or low volume wheel designs as well a. 
marSlnT manufacturing one-piece type veU'X,rrbutk 

Sp'ciit^'d r[ho»e? if t^'e%rbnfe:^ci%o^'s;i^^^^^^^^^^^^ 

specification, claims and appended drawings. ° 
BRIgF PESCRIPTIOISI ^pr the DRAWTMCfi 

2S>f Ift^^tr "^'y '""to*" 0" «« essential 

JHenSn!""' "° " example to explain the nature of the 

Z!JS ™-°T.?"»/'''''"'"'' ^"""i' Obtained bj S^e refe^^e 

fnresSr^nrr^xint sx™"" - '~ 

pia'Ktt&S.''" ""'^''^ ■^"""^ - «"^n<«no 

sVa-4riT/.^:i;rco°'n^Sfi'^^^^^^^^^^ ^ 

ranter rtrnT^'?-"'' I'!" ' of »^ vrtleel of S' and 15' drop 

center nm of the pnor art having mounting and vent hole. o o »3 orop 

sin'uf;^rof=stSSCT?i?;axim^7^^^^^^ "» 

rforSd=wSfS'|fa;rdWc^rr ntXT^^ 
S!eL;f1?:^d\P'd1^?^Tm"^rpr,*rt~^ °' 



"oa, pnome and shape ,„ accorta^'^Cl^nnnSn."'''' 

«si?™„=re5~^;*s"o2sr.i^^ 

compo„«,,sandth.n„e,d«.o'/o:SSJ"b%^trean?aCa"^Sr 

mounting and vent holes as sZ:?n*F^,TaJS'S';i4"iStS:.' 

Jl?iS,SdT«"!^?^'^TpX^Vs?h?^^^^^^ ^'Ckness or using 

Plate is coiled into a hooTbutt wlldS toU tSm^""* "^J' ^'^^ »•« 

^own in .e r, . ^ .alve S^^e Sk^^-^-- ~ 



These two components are then assembled together; the disc fixed at its outer 
peripheral flange to the Inner periphery of the rim by welding or some other like 
method to form the complete wheel assembly. The wheels subsequently under goes 
several machining steps to machine center hole and bolt holes. 

PESCRIPTION OF THE PREFERRED EMBQDIMFWTS OF THP Tiyvf ^ p7 ^,>f 

Our preferred embodiment of invention is shown in Fig 10 to Fig 16. The following 
description is of the best presently contemplated mode of carrying out the invention. 
This description is made for the purpose of Illustrating the general principles of the 
invention and should not be taken in a limiting sense. The scope of the invention Is 
best determined by reference to the appended claims 

The first step of manufacturing a one-piece wheel of 5° and 15° drop center rim 
involves a spinning and flow forming operation as shown in Fig 12, where in the steel 
blank of pre-d^rmined diameter and thickness Fig 11, the blank is preferably with a 
center hole pierced to a predetermined size, is spun and flow formed in a CNC 4-axis 
spinning machine. The operation is now explained in greater detail .The preformed 
steel blank is held between inner mandrel Ml and the clamping plate Ci. The roller Rl 
mounted on CNC hydraulically actuated slide, impart: rolling pressure on the outer 
peripheral portion of the preformed blank to reduce the thickness at the required 
region and at the same time impart: predetermined cylindrical shape and profile as per 
the predefined machine program. The outboard suri=ace of ttie inner mandrel Ml 
corresponds to such predetermined cylindrical shape & profile corresponding to the 
inner diameter of rim portion. 

The next step involves piercing the central hole, mounting & vent holes in a 
conventional press as shown in the Fig 13 & Fig 14. 

The next step involve forward spinning to extend the cylindrical portion comprising of 
well, inner & outer bead seat and outer flange to an cylindrical shape of predetermined 
inner diameter and width as shown in Fig 15 and at the same time cylindrical port:lon 
comprising of inner flange is spun in such a way that the material is displaced in the 
backward direction, as shown, to a predetermined inner diameter and width. The 
operation is now explained in greater detail. The preform as shown in Fig 15, is spun 
and flow formed in a CNC 4-axis spinning machine. The preform is positioned between 
inner mandrel M2 and. outer roll F2 and clamped prior to spinning operation by the 
Clamping plate' C2. The roller R2 mounted on CNC hydraulically actuated slide impart: 
roiling pressure on the outer peripheral of the preformed blank to reduce the thickness 
at the required region and at the same time extend the cylindrical portion to a 
predetermined shape and profile as per the predefined machine program. The 
outboard surface of the inner mandrel M2 corresponds to the predetermined inner 
diameter of the rim while the outboard surface of the outer roll F2 corresponds to the 
predetermined inner diameter of the inner flange. The roller R2 is used for both 
forward and backward spinning as shown in the drawing. 

The next step involves final profiling of the rim comprising of well, inner & outer bead 
seats and inner & outer flanges as shown in Fig 16 The spun rim comprising of 
predetermined semi-finished well, inner & outer bead seats and flanges is furt:her 
rorrried in a spinning machine, while the disc portion being accurately located in the 
center hole & damped against the outer clamping plate, the rim peripheral port:ion 
being rolled between an inner mandrel and outer shaping rollers mounted, such inner 
mandrel and outer rollers comprise of a outboarel surfaces which conforms to the final 
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shape of the well, inner & outer bead seats and the inner & outer flanges, to achieve 
the final profile and shape of the well. Inner & outer bead-seats and the outer& inner 
flanges. The operation is now explained in greater detail. The preform from the 
previous operation is located in the central hole and clamped against the clamping 
plate C3. The inner mandrel, the central line axis of which slightly offset against the 
centerline of the central hole of the preform moves in to an exact predetermined 
position. The outboard surface of the inner mandrel 1^3 corresponds to the final profile 
of the well and the bead seat, TTie shaping roll R3 mounted on a slide moves in from 
outward direction to form the profile of well and bead seat. At the same time the rolls 
Rl, R2, R4 and R5 moves into position to form the profile of the inner and outer 
flanges. 

SAUENT FEATURES OF THF INVEWTTQW ape AS FQLLQW^ 

A design / construction of a one-piece steel wheel of 5** and 15*^ drop center rim 
construction of the type having an Integral disc and rim portion with inner & outer 5° 
and 15 bead-seat, well and the Inner & outer flanges 

A method of producing the wheel consists in providing a generally circular blanic; spin 
formmg the blank to a pre-determined thicl<ness and profile. The blank Is preferably 
With a center hole pierced to a predetermined size. The blank is spun in a spinning 
machine, the bank being positioned and damped between a mandrel and a clamping 
plate, such inner mandrel having a outboard surface which conforms to the 
predetermined inner diameter of the rim comprising of well, bead seats and flanges. 
The blank peripheral portion is spun and flow formed against the outboard surface of 
the inner mandrel to the predetermined diameter as explained above. 

The nriethod has the step of spin fonning the peripheral portion of the blank by 
engaging the same with a forming roller so as to obtain controlled thickness reduction 
and shape in the peripheral cylindrical portion of the blank. 

The method has the step of displacing the material in backward direction, a section of 
the preform cylindrical peripheral portion against the outboard shaping surface of the 
mandrel and an outwardly positioned facing plate to form the predetermined shape of 
the inner flange. 

The method has the step of spin forming a section of the preform cylindrical peripheral 
portion by engaging the same with a forming roller to form the predetermined shape 
of the well, bead seats and flanges. 

The method has the, step of spin forming the bead seat portion of the preform 
outboard section against the shaping surt^ace of the mandrel to form the 
predetermined shape of flange. 

The final profiling method has an inner mandrel, axis of rotation of which slightly 
offset against the axis rotation of the preform. 

A method has the step wherein first-named spin forming step includes a plurality of 
passes of the forming roller. 

A method has the step wherein aft:er first step of spinning operation bolt holes on 
pierced in a conventional press. 

A niethod has the step wherein after piercing the bolt holes, vent holes are pierced in 
a conventional press 
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SrtlTic y^^^ °^ P'^^'*"9 a disc blank of substantially uniform 

thickness and constmcted also from low carbon steel of HSU steel compoStion 

I^rfnrm°i,V'''' ''^^''? ^^"^P''^"' ^^ference is made to the tools and dies that 
chlSnn ^ vf"ous shaping operations. Because the tooling used in each of the 
^^mla^^^^nlr:! devices, which are well known in the m^tal 

stamping/forming arts, detail description of the same has not been provided. 

L"cSrI'L"„"?'''°°'^ '"^y assume various alternative orientations 

and step sequences, except where expressly specified to the contrary It irXTtn h! 
understood that the specific devices and processes luitrated^^ 

emZ'SLnTJ^'^ fo"owing%pecification ar; simpirJ^^^^^^ 

embodiments of the inventive concepts defined in the appended claims Hena 
specific dimensions and other physical characteristics relating toihe embodrr^eS 
olhfr^SL ^ unless the^laims expT^^^^t 

fn 'JJ^''' numerous nfodifications and changes will readily occur to those skilled 
m the art, it is not desired to limit the invention to the Lart constru4on 
operation shown and described, and accordingly ail suybtemodifSs an2 
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1. A method of manufacturing a one-piece wheel of 5° and 15° drop center rim of 
the type having well, Inner & outer bead-seat and flanges wherein the said 
method comprises the following steps 

providing a generally circular steel blank, preferably of predetermined uniform 
thickness and size, with a center hole pierced, and 

the blank is preformed to a predetermined cylindrical shape & size by 
spinning & flow forming in a CNC spinning machine, the blank being 
positioned & clamped between an inner mandrel and a clamping plate, such 
inner mandrel having an outboard surfece which conforms to a predetermined 
inner diameter wherein the well, Inner & outer bead seats and the outer 
flange are formed in the subsequent operations, and 

the spun and flow formed preform to a predetermined cylindrical shape & size 
is further spun in a CNC spinning machine to reduce thickness consequently 
to increase the width in the forward direction to a predetermined size while 
maintaining the predetermined inner diameter wherein the well, inner & outer 
bead seats and the outer flange are formed in the subsequent operations and 
at the same time further spinning is preformed on the peripheral portion of 
the cylinder to displace the material in the backward direction to a 
predetermined shape & size of the inner flange, and 

the preform from the previous step, is further spun in a CNC spinning 
machine to impart final shape and profile to the rim portion comprising of 
well, inner & outer bead seats and inner & outer flanges using such inner 
mandrel, the central line axis of which is slightly offset against the centeriine 
of the central hole of the preform during spinning operation. 

2. r^The method as claimed in claim 1 wherein spin forming the peripheral of the 

blank by engaging the same with a forming roller so as to obtain controlled 
thickness reduction and shape in the peripheral and inner portion of the blank. 

3. The method as claimed in claims 1 & 2 wherein the material is displaced in the 
backward direction during spinning a pori:ion of the preform peripheral cylindrical 
portion against the outboard suri^ce of an outwardly positioned outer roll to form 
a predetermined cylindrical portion of the Inner flange. 

4. The method as claimed in claims 1 to 3 wherein spin forming a portion of the 
blank peripheral portion by engaging the same with a forming roller to form the 
final shape of the well. 

5. The method as claimed in claims 1 to 4 wherein spin forming a portion of the 
blank peripheral portion by engaging the same with a forming roller to form the 
final shape of the bead seat. 

6. The method as claimed in claims 1 to 5 wherein spin forming the bead seat 
portion of the preformed blank is carried out by engaging the same with a 
forming roller against the outboard surface of the outer mandrel to form the final 
shape of outer flange. 
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7. The method as claimed in claims 1 to 6 wherein the first-named spin forming 
step consists a plurality of passes of the forming roller. 



8. The method as claimed in claims 1 to 7 wherein after finish spinning operation 
boltholes are pierced in a conventional press. 

9. The method as claimed in claims 1 to 8 wherein after piercing the center hole, 
bolt holes, vent holes are pierced in a conventional press. 

10. The method as claimed in claims 1 to 9 wherein after piercing the center, bolt 
holes & vent holes, the center hole and the mounting holes are accurately 
machined to required size. 

11. The method as claimed in daims 1 to 10 wherein after machining the center hole 
and the mounting holes to an accurate required size, the inner & outer flange 
crown edges are machined to provide a radius or a flat. 

12. The method as claimed in claims 1 to 11 wherein the disc blank provided is of low 
carbon steel or HSLA steel composition. 

13. The method as claimed in claims 1 to 12 wherein a butt-welded hoop of 
predetermined diameter, width and thickness can also be used instead of a blank. 

14. The method as claimed in daims 1 to 13 wherein the butt-weided hoop of 
predetermined diameter, width and thickness can also be used to manufacture 
the rim part alone. 

15. A one-piece wheel of 5° and 15^ drop center rim having an integral disc and rim 
portion is made from a circular blank or hoop by the method as claimed in claims 



16. A method of manufacturing a one-piece wheel of 5° and 15^ drop center rim of 
the type having well, inner & outer bead-seat and flanges substantially as herein 
described with reference to the accompanying drawings. 



Dated this the 7"^ day of January 2004. 
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JSL wheerSf%,S ?Lo^^J"5"«*°"' .apparatus and a method of producing a one- 
from a sheet iork i?nrP hJS^ '^"5' ".^ P^^'^'"^ ^ generally circular steel blank 
cenTer h^fS^J S^'^^Tl''^ """^"^ thickness, the blank is preferably with a 

of X rfm w!d? ;S i?ni J"^'? ^° '^^^ predetermined inner diameter 

final profile & shape of the weTT?«r ft n.Jor ^'^'^^ conforms to the 
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